Outcome for children with relapsed acute myeloid leukemia in the Netherlands following initial treatment between 1980 and 1998: survival after chemotherapy only?
We report the outcome of Dutch pediatric relapsed AML patients and focus on patients treated with chemotherapy alone. Median time from first complete remission to relapse was nine months. Second complete remission (CR2) was achieved in 63%. Overall, only 16% of patients were survivors. When only patients who achieved CR2 were analyzed, 50% of the patients treated with allogeneic stem cell transplantation and 24% of the patients treated with chemotherapy alone, were long-term survivors.
The prognosis of children with acute myeloid leukemia (AML) has improved markedly over the last decades with 5-year overall survival rates (5-year pOS) in the most recent treatment protocols as high as 50-60%. 1 In the Netherlands, children with AML are treated according to protocols developed by the Dutch Childhood Oncology Group (DCOG). Since 1980, four protocols for the treatment of childhood AML have been completed, and overall survival has improved from 18% to 42%.
2,3 Relapse remains the most frequent cause of treatment failure, with a cumulative risk of relapse of 30-40% in most pediatric AML studies. 1 In the consecutive Dutch AML protocols, the cumulative risk of relapse was 60, 43, 47 and 26% respectively.
3 Allogeneic stem cell transplantation (alloSCT) is generally recommended as part of treatment of relapsed AML. 4 Formal evidence for this recommendation is lacking, despite evidence of a graft-versusleukemia effect in AML. At initial diagnosis of high-risk AML, alloSCT seems no better than chemotherapy only. 4 Therefore, the need for alloSCT in relapsed AML may be questioned, at least as a general recommendation.
We studied all Dutch children and adolescents with AML that were initially diagnosed and treated between 1980 and 1998 and relapsed before 1 st January 2007. The patients were initially treated according to the Dutch Childhood Oncology Group (DCOG) protocols AML-80, AML-82, AML-87 and AML-92/94.
2, 3 We focussed on patients reported to be alive without disease after treatment with chemotherapy only for their relapse and summarized the relevant literature. Since autologous SCT has been reported to provide similar results to intensive chemotherapy, and does not have a graft-versusleukemia effect, these patients (n=9) were included in the chemotherapy only group.
5 Most patients were treated with a reinduction regimen containing cytarabine, most frequently in combination with an anthracycline and etoposide.
A total of 113 relapsed AML cases were identified, with a median time from first complete remission (CR1) to relapse of nine months (range 1-61 months). Ninety of these patients were treated with curative intent and CR2 was achieved in 63%. In univariate analysis, sex, age, WBC, FAB-type and SCT in CR1 were not associated with achievement of CR2. None of the patients who failed to achieve remission on first-line treatment when treated for their initially diagnosed AML (n=11) achieved CR2, compared to 72% of patients who did achieve CR1 on first-line treatment (χ 2 p<0.0001). CR1 duration (CR1≤1 year or CR1>1 year) correlated significantly with the probability of achieving CR2 (55 vs. 76%, p=0.04) and 10-year pOS (13 vs. 30%, p=0.02) in univariate analysis. The overall 10-year pOS was 16% (standard error (SE) 3%), with 18 disease-free long-term survivors.
AlloSCT was performed in 16 out of the 57 CR2 patients, with 8 (50%) long-term survivors. Ten out of the 41 patients (24%) treated without alloSCT survived. This comparison is biased by the fact that to be able to undergo SCT, it is necessary to have a suitable donor, to maintain CR2 until the SCT and to be in a relatively good condition. In multivariate analysis using Cox-regression, we corrected alloSCT in CR2 for time to transplant. In this analysis of pOS alloSCT was not an independent favorable prognostic factor (HR=0.56, 95% confidence interval (CI) 0.26-1.24, p=0.15), as was also the case for CR1 duration (HR=1.5, 95% CI 0.78-2.88, p=0.23). This study was limited by its retrospective nature, the diverse treatment schedules used, and the relatively small number of patients, especially when prognostic factors were analyzed. The 10 long-term survivors treated at relapse without alloSCT (7 chemotherapy only, plus 3 auto-SCT) did not have unique or similar clinical or cell biological features and included 6 patients with relapse within 12 months from CR1 ( Table 1 ). Some of these 10 patients had been treated in the 1990s with relatively intensive chemotherapy at initial diagnosis. In 10 out of 18 survivors, late effects of treatment were reported such as secondary malignancies, hypogonadotropic hypogonadism and neurological problems. Late effects were more frequently reported in children who received a SCT than in children who did not, with 9/12 patients who were treated with SCT reporting late effects, compared to 1/6 patients treated with chemotherapy alone (χ 2 p=0.019). In the literature, 6 papers describe the outcome of cohorts of pediatric relapsed AML patients (Table 2) . [6] [7] [8] [9] [10] [11] Overall probabilities of survival at 2-5 years ranged from 12% to 34%. Including the patients in this study, 109 relapsed pediatric AML patients treated with chemotherapy alone were reported in literature and 34 of these 91 patients were reported as survivors (31%), which is surprisingly high. However, patient selection may have occurred, and some patients may not have received optimal treatment at initial diagnosis according to current standards.
Based on these results, we question whether an alloSCT in CR2 is the only chance of cure for children with relapsed AML, as is commonly thought.
4 A randomized clinical trial to prove this has never been performed. Especially when a matched donor is unavailable, intensive chemotherapy may be preferable over a mismatched or haplo-identical donor SCT, which is associated with significant morbidity and mortality. 12, 13 Currently, however, it is not known how to identify the patients who do 
